Sequences of the nrDNA internal transcribed spacer (ITS) region were analysed for 113 representative species of 59 genera of Compositae-Anthemideae to ascertain the systematic position of the three unispecific Mediterranean genera Daveaua, Leucocyclus and Nananthea. Daveaua anthemoides is found to be a member of a well supported clade of genera around the closely-knit Leucanthemum group, being a candidate (together with Heteromera and Otospermum) for a sister-group of this assemblage. For Leucocyclus formosus, which was considered to be closely related to Anacyclus due to its dorsiventrally flattened achenes, a position close to or even among representatives of Achillea is demonstrated, corroborating alleged relationships suggested by the flavonoid complements of these genera. Nananthea perpusilla, hitherto considered to be close to Anthemis due to its tetrasporic embryo sac development, is found to be more closely related to Tripleurospermum, which also shares the tetrasporic embryo sac and the indumentum of basifixed hairs.
Introduction
The present paper forms the continuation of a recent publication on three other unispecific genera (i.e. Brocchia, Endopappus and Heliocauta; Oberprieler 2004) . It aims at a completion of the sequence information from the internal transcribed spacer region of the nuclear ribosomal repeat (nrDNA ITS) for all genera of Compositae-Anthemideae from the Mediterranean and adjacent Eurasian regions (Euro+Med area; Greuter & al. 2003 ) that form a monophyletic group characterised by a distinctive 15-17 bp deletion in ITS2 (Francisco-Ortega & al. 1997 , Oberprieler & Vogt 2000 , Oberprieler 2001 , 2002 . With the present publication on the last three remaining, unispecific genera (Daveaua, Leucocyclus, Nananthea) and an inclusion of a number of new sequences for the larger genera of the tribe in the area, a comprehensive discussion of the taxon-Plant material. -One hundred and thirteen representatives from 59 genera of CompositaeAnthemideae were included in the present analysis. Sequence information for most of these taxa came from former publications (Oberprieler & Vogt 2000 , Oberprieler 2001 , 2002 , 2004 and from published and unpublished EMBL/GenBank/DDBJ accessions (Table 1) , while nrDNA ITS sequences for 18 taxa are new to science and published here for the first time. Following results of Watson & al. (2000) , I used Ursinia anthemoides (L.) Poir. as outgroup in the present analysis.
DNA isolation, PCR amplification, sequencing. -DNA was extracted from herbarium specimens or silica gel dried leaf material using Qiagen DNeasy Plant Kit (Qiagen). PCR amplification followed the protocols given in Oberprieler & Vogt (2000) . Amplification products were purified with a Qiaquick PCR cleaning column and filtration kit (Qiagen) or with Montage PCR Centrifugal Filter Devices (Millipore). Cycle sequencing of purified PCR products was performed using the CEQ Dye Terminator Cycle Sequencing Quick Start Kit (Beckman Coulter) and sequences were analysed on a CEQ 8000 automated sequencer (Beckman Coulter). All new nrDNA ITS sequences were submitted to the EMBL sequence data bank (Table 1) .
Sequence alignment. -Sequences were aligned using CLUSTAL W (Thompson & al. 1994 ) and the alignment subsequently corrected manually. The alignment is deposited as electronic supplement at http://www.bgbm.org/bgbm/library/publikat/willd34/oberprieler-2.pdf. Phylogenetic reconstructions. -Owing to the large scale of the present data set with 113 aligned sequences, I have omitted the time-consuming phylogenetic reconstructions based on maximum parsimony (MP) and maximum likelihood (ML). Instead, the data set was analysed with the modelbased Bayesian Inference (BI) approach (Lewis 2001) , which showed congruence over large parts of the resulting topologies and of clade support values with MP and/or ML analyses in the previous publication on Mediterranean Anthemideae (Oberprieler 2004 ). The program MODEL-TEST version 3.06 (Posada & Crandall 1998 ) was used to find the model (among the 56 models tested) that best fits the underlying sequence information. This resulted in the acceptance of the model of Tamura & Nei (1993) with a gamma distribution of substitution rates over the sites ( burn-in period was determined graphically, and the first 6000 of the 50 100 trees were discarded. Estimation of tree topology and posterior probabilities of clades were based on the remaining 44 100 trees.
Results
The alignment of all 113 nrDNA ITS sequences is 534 bp long (286 bp for ITS1 and 248 bp for ITS2, respectively) with 359 variable positions including 265 parsimony informative substitutions. The Bayesian analysis yielded the tree depicted in Fig. 1 . The three unispecific Mediterranean genera under study are nested within a strongly supported (0.99 posterior probability [PP] ) clade of genera with a Mediterranean and/or Eurasian centre of distribution (from Anthemis maritima to Phalacrocarpum oppositifolium) and a 17 bp deletion in ITS2. The only exception to this is Brocchia cinerea, which also shares the deletion but is not part of the strongly supported clade and appears merely as the sister group to it (see also Oberprieler 2004 for discussion). Additionally, there is also another monophyletic group characterised by a deletion but without any considerable support from the Bayesian analysis: it comprises the taxa between Chrysanthoglossum deserticola and Lonas annua in the present tree and shows the synapomorphy of a 5 bp deletion in the trnL-trnF intergenic spacer of the chloroplast genome (compare Oberprieler 2004) . Daveaua anthemoides is found as a member of a strongly supported clade (1.00 PP) between Chrysanthoglossum deserticola and Daveaua. Low support values for some of the subclades, however, render its phylogenetic relationships unsettled. The same is true for Leucocyclus formosus, which is found in close relationship with the five representatives of the genus Achillea in the present analysis. The position of Nananthea perpusilla as sister to the four representatives of the genus Tripleurospermum, in contrast, receives strong statistical support (1.00 PP).
Discussion
Daveaua Willk. ex Mariz -The phylogenetic position of Daveaua anthemoides in the present analysis is well settled. It is found to be a member of a clade including closely related genera of the so-called Leucanthemum group (i.e. from Chrysanthoglossum to Chlamydophora) with high statistical support (1.00 PP). However, its position within this clade is not solved because it seems not to be a member of the subclade of Chrysanthoglossum through Coleostephus (1.00 PP) nor of the subclade of Heteromera and Chlamydophora (0.95 PP).
In contrast to the genera united in the Leucanthemum group (i.e. Chrysanthoglossum through Coleostephus plus Chlamydophora), which are characterised by the possession of specialised achene walls with vallecular resin ducts and vallecular vascular strands (all of them members of a broader subtribe Leucantheminae sensu Bremer & Humphries 1993) , Daveaua exhibits similarities in achene anatomy with Heteromera and Otospermum (all three genera being members of subtribe Matricariinae sensu Bremer & Humphries 1993), because of 5-ribbed achenes with vascular strands in the ribs (Reitbrecht 1974, Oberprieler & al. in press) . Additionally, as in Heteromera, achenes of Daveaua are furnished with resin ducts in the apical portion of the ribs and the achenes of the ray florets are dorsiventrally flattened (Giroux 1930) . The latter was considered as a synapomorphy for the sister-group relationship of the two genera by Bremer & Humphries (1993) .
It is obvious from previous molecular analyses of the tribe (Watson & al. 2000 , Oberprieler & Vogt 2000 , Francisco-Ortega & al. 1997 , Oberprieler 2001 , 2002 , 2004 ) that most of the subtribes erected by Bremer & Humphries (1993) on morphological, anatomical, cytological and phytochemical evidence are far from being monophyletic. This appears particularly obvious for their subtribe Matricariinae, whose members are found scattered all over the present phylogenetic tree, with the southern hemisphere genera (Cotula, Soliva, Leptinella, Cymbopappus, Pentzia) close to the base of the tree and the northern hemisphere genera (Brocchia, Lonas, Endopappus, Aaronsohnia, Daveaua, Heteromera, Otospermum, Matricaria, Tripleurospermum) throughout the clade characterised by the 17bp deletion in ITS2. The subtribe, therefore, appears to be highly polyphyletic and its alleged synapomorphies (achenes with myxogenic cells on abaxial surface and on ribs of the adaxial surface, corona adaxially long) extremely homoplasious.
The strong molecular support for the clade Chrysanthoglossum through Daveaua on the one hand and the strong evidence for the monophyly of the Leucanthemum group of genera from achene anatomy on the other hand, along with the still unsettled sister-group relationships of Otospermum and Daveaua and the equivocal sister-group relationships of Heteromera (sister to Chlamydophora according to nrDNA ITS sequence information, sister to Daveaua according to ray floret achene morphology) may indicate that Daveaua, Heteromera and Otospermum are a paraphyletic group that gave rise to the very distinct Leucanthemum group of genera with its specialised achene anatomy. For the time being, there seems to be not enough information available to decide on the sister genus of this group among the three candidates.
The transition between achenes with vascular strands and resin ducts in their ribs (as in Daveaua, Heteromera and Otospermum) and achenes with strands and ducts in the valleys between ribs (as in the Leucanthemum group of genera) may seem rather improbable, but there are observations in other groups of Anthemideae that this transition is rather easily realised. In the genus Anthemis, most of the species are characterised by achene walls in which the external ribs coincide with those of the mesocarpic sclerenchyma cylinder and (as a consequence) with the vascular strands in the mesocarpic ribs. However, in Anthemis arvensis and the close related A. ruthenica and A. auriculata the external ribs alternate with the ribs of the mesocarpic sclerenchyma cylinder due to the excessive growth of mesocarpic tissue above the valleys of the sclerenchymatic cylinder (Oberprieler 1998) . The same process may have easily occurred at the transition between the normal achene type and the specialised one of the Leucanthemum group. The observation of Giroux (1930) that achenes of disc florets of Otospermum glabrum exhibit several cell layers of vallecular palisade parenchyma while a similar tissue is missing in the mesocarp of the ribs may point in this direction.
Leucocyclus Boiss. -In their cladistic analysis of Compositae-Anthemideae based on morphological, anatomical, phytochemical and cytological data, Bremer & Humphries (1993) considered the unispecific Leucocyclus as a member of their subtribe Achilleinae, which was based on the synapomorphies of paleate receptacles, at maturity thickened disc corolla tubes basally clasping the achene apex, and the lack of a corona in the achenes of both ray and disc florets. Within this subtribe, the authors found strong evidence for a sister-group relationship of Leucocyclus and Anacyclus because of the joint occurrence of laterally winged achenes in both genera (Bremer & Humphries 1993) . The same was shown by Humphries (1979) who used Leucocyclus as an outgroup in a morphological cladistic study of the species of Anacyclus. The present analysis based on nrDNA ITS sequence variation shows in accordance with a former analysis (Oberprieler & Vogt 2000) that the subtribe Achilleinae sensu Bremer & Humphries (1993) is not monophyletic. While some genera (Chamaemelum, Cladanthus, Mecomischus, Santolina, Rhetinolepis) are found nested within a clade characterised by a 5 bp deletion in the cpDNA trnL-trnF intergenic spacer region, the rest of the subtribe (Achillea, Anacyclus, Otanthus) lacks this deletion and seems to be more closely related to the clade of genera with a tetrasporic embryo sac development (Anthemis, Tripleurospermum, Nananthea, Cota, Tanacetum) . Though information on cpDNA trnL-trnF IGS sequence variation lacks for Leucocyclus formosus, ITS data point to the close relationship with the latter group of Achilleinae genera.
Within this group, achene morphological and anatomical characters stressed by Humphries (1979) and Bremer & Humphries (1993) support a close relationship between Leucocyclus and Anacyclus. However, there is also some evidence for a close relationship between Leucocyclus and Achillea. First, the leaves of Leucocyclus formosus are almost vermiform, with the small subopposite segments divided into spinulose-dentate lobes. In this respect they are more similar to leaves in some Achillea species (especially of A. sect. Arthrolepis and Santolinoideae; cf. Valant-Vetschera & Kästner 2000) than to all species of Anacyclus (cf. Humphries 1979) . Sec-ond, it was demonstrated (Valant-Vetschera 1982) that both the tendency to produce C-glycosylflavones and 6-substituted polymethoxy flavones / flavonols unite Achillea and Leucocyclus, while the flavonoid complement of Anacyclus differs largely in this respect. Our present analysis supports the second scenario that Leucocyclus is more closely related to Achillea or parts of this genus than is to Anacyclus: Both the monophyly of Anacyclus and the sister-group relationship of this genus with the NW African endemic Heliocauta receive good statistical support in terms of posterior probabilities in the Bayesian analysis, while Leucocyclus is found nested within the five representatives of Achillea (however, with no statistical support: 0.64 PP). Therefore, while a sister-group relationship of Leucocyclus with the clade of Heliocauta and Anacyclus could not be ruled out completely, the above mentioned leaf morphological and phytochemical evidence may be a strong argument for a position of Leucocyclus close to (if not within) the genus Achillea. Consequently, the fruit compression typical for Anacyclus and Leucocyclus may have evolved in parallel in the two genera, as it has done in a number of different groups of the CompositaeAnthemideae (Humphries 1979 , Bremer & Humphries 1993 ).
Nananthea DC. -Originally described as a member of the then very broadly defined genus Chrysanthemum and shortly afterwards as a member of the genus Cotula [C. pygmaea Poir.], this delicate, somewhat succulent, small annual was considered to belong to an independent genus by Candolle (1838). As in the equally unispecific genus Brocchia, the occurrence of 4-lobed tubular florets was considered to indicate a close relationship of Nananthea with the southern hemisphere genus Cotula and its segregates Leptinella and Soliva. However, as achene anatomical studies (Bruhl & Quinn 1990, Oberprieler unpubl.) and cladistic analyses based on morphology (Bremer & Humphries 1993 ) have shown, the similarities of Nananthea perpusilla with representatives of Cotula are very superficial and no synapomorphy is shared by the two entities. Following a suggestion by Reitbrecht (1974) , Bremer & Humphries (1993) proposed the provisional placement of Nananthea as a sister of Anthemis based on the shared apomorphy of a tetrasporic embryo sac development. They even speculated about a probable placement within the latter genus because of its similarities with some deviating Anthemis species, such as the so-called Ammanthus group of the Aegean region.
The present analysis based on nrDNA ITS sequence variation definitively excludes a close relationship of Nananthea perpusilla with Cotula and its neighbour genera. While the latter are found close to the base of the tree among other representatives of Anthemideae of the southern hemisphere, Nananthea is a member of the monophyletic group of Mediterranean and western Eurasian genera characterised by the 17 bp deletion in ITS2 and is placed with high statistical support as a sister-group to the genus Tripleurospermum (1.00 PP). The same high statistical support receives the sister-group relationship of the clade of Nananthea and Tripleurospermum with the clade of Anthemis s.str. (i.e. without the deviating A. odontostephana and A. chia and those of A. subg. Cota, see Oberprieler 2001 for discussion).
All genera known to have a tetrasporic embryo sac development in the Compositae-Anthemideae (besides Heteranthemis viscidehirta, which is strongly supported as a member of the Chrysantheminae sensu Bremer & Humphries 1993 comprising Argyranthemum, Glebionis, Ismelia and Heteranthemis) form a clade in the present analysis which receives, however, no statistical support. Within this clade of Tanacetum (including also Gonospermum and Lugoa), Cota, Anthemis, Tripleurospermum and Nananthea, the sister-group relationship of the latter two is furthermore supported by the possession of basifixed hairs in contrast to medifixed or stellate hairs in the other genera (Oberprieler & al. in press) . Therefore, though achenes of Nananthea and Tripleurospermum are very different from each other (those of the former genus being circular in cross-section with c. 8 ribs and bearing myxogenic cells but no resin sacs or ducts, while those of the latter are conspicuously triquetrous and furnished with large resin sacs) there is some morphological support for a closer relationship between the two entities. Further information from additional molecular markers will show whether this astonishing sister-group relationship is really unequivocal.
